IN choosing a subject for my address I thought it might be of interest to review briefly the therapeutic side of our work; to spend a while, as it were, stocktaking; to consider some of our successes; and still more, to ponder on our failures.
We who treat with radiations-with ultra-violet light, X-rays, and radium, are all conscious that in a large number of cases we can contribute to the essential object of a physician's life-to iimprove the bodily health of those who suffer, to relieve their pain and palliate their sufferings, and to cure. But at intervals, from different directions, we hear such remarks as that ultraviolet light is greatly over-rated, that radium has proved a disappointment, that X-rays are of very little real use.
As a rule such remarks come from some disappointed man who asked too much from the treatment, or who with but limited experience reasons illogically from a particular case to the general. The patient who becomes well goes away and is forgotten; but those who do not improve come back to haunt us.
We still cannot say why it is that one patient becomes well, and another, in a case apparently very similar, fails to respond to the treatment.
The case for the use of ultra-violet light, in skilled hands, is proved. The benefits that are being daily wrought in rickets, in lupus, in surgical tuberculosis, in obscure debility, and a host of other diseases, are known to all. The exact biological mechanism by which the cures are accomplished may not yet be entirely understood, but some of the principal factors have been ascertained; the technique' has been mastered, the effects are sure, and the results so satisfactory that the treatment is now thoroughly established and recognized. In spite of overcrowding and bad housing, we can hope that in the near future such a condition as rickets in a child will become a rare disease.
If anyone has any doubts as to what ultra-violet light-what sunlight-can do, let him visit Sir Henry Gauvain's wonderful establishment at Alton. I wish it could be arranged that every student of medicine in the country should include a visit to that institution as a part of his regular training.
Concerning X-rays, the great complexity of the subject stands out clearly, in view of the many claims made for the effects of X-rays on the human body.
To mention a few: (1) Irradiation is given to the thor-ax for asthma, spasmodic coryza. angina pectoris, and pertussis; -(2) to the spleen in the anamias, in asthma, in metrorrhagia, in epistaxis: (3) To the hypophysis in Graves' disease and in dysmenorrhcea; (4) to the stomach, in hyperchlorhydria, in gastric and duodenal ulcer. To the spine in syringomyelia and acute anterior poliomyelitis. To the heart in rheumatic carditis. In all these conditions it is claimed by clinicians that relief has been obtained in a series of cases.
Theories as to these actions abound: Direct effects on blood and lymph cells, on connective tissue, on the parenchyma of the ductless glands, on the sympathetic nerves and ganglia, or on the vagus nerve endings; indirect effects acting through the internal secretions, the production of such bodies as thrombokinase from the FER.-ELECTRO. 1 destruction of white cells, or the reticular endothelium, stimulation, or inhibition of the blood-producing tissues.
All these, and many more, are amongst the theories advanced in an endeavour to explain the mysteries. They suffice to show that the action of radiations on the body is very complex, that profoundly different effects can be produced by different methods of application, and that the radiologist should consider that he possesses not one form of treatment, but a group of agents which can be applied in a variety of ways to produce clinical results.
An outstanding instance is reported in the book written by Professor Sydney Russ and Dr. Hector Colwell, of a case of myeloid leuk8emia when the typical blood changes produced by irradiation of the spleen followed the application of radium to the splenic region after the spleen had been removed.
A further curious feature is the relative inertia to radiation of normally functioning tissues as compared with the responses found in pathological states. To give an instance, extensive keloids overlying the thyroid have been treated by radium or X-rays, until they disappeared without any apparent symptoms which could be attributed to an upset of the thyroid function, whereas similar dosage applied over the thyroid in Graves' disease would be followed by very definite changes.
It may be merely that the pathological cell is more radio-sensitive than the normal: but it is more probable that there is something more to be elucidated before such problems are understood. There is much yet to be discovered; we are still pioneers.
We owe a great debt to those physicists, physiologists, and biologists who have done so much to guide us in the right way. They must be grouped together, because the information they have given us concerning the character and production of the rays, the effects of filters, the absorption and scattering in the body, the chemical changes, the radio-sensitivity of cells normal and pathological, is the essential basis for our clinical work. Russ, Kaye, Degrais, Beclere, Lacassagne, Seitz, Friedrich, Dessaur, Ewing and Duane-such men are as pillars of the building wherein clinicians are but the common bricks. Their labours have been directed towards providing us with accuracy of measurement, exactness in dosage, facility in therapeutic routine, and clearness of thought as to our objectives and our technique.
But in spite of all the advances that have been made, although we are confident that we can accomplish much more than formerly and are hopeful as to the future, there are still the great problems to be solved; there are still patients in the clinics and wards of our hospitals for whom the best we can do is unavailing. Nevertheless to-day we have very great advantages as compared with workers of ten years ago.
Physicists the world over have devoted years to the study of the absorption of rays by the tissues, cells and fluids of the body, the percentage of the beam which is effective at a given depth, the character of the radiation at different voltages, the significance of intensity, of mean wave length, of shortest wave length. Elaborate tables have been constructed to help us and rules have been laid down for our guidance. Pathologists have endeavoured to show us the way to give a lethal dose to any given type of neoplastic cell, and have vied with each other in ingenious endeavour to give experimental evidence in support of their conclusions. The literature of the subject is enormous. The methods of the physicist are precise. He tells us how to calibrate our apparatus in order to deliver at a given site a prearranged dose estimated in recognized units. His work is essentially exact. He is a little impatient with anything that cannot be reduced to a formula. The outlook of a chemist is of the same order. He deals with definite substances which can be altered in a certain way by specified reagents. But the biochemist and the pathologist are concerned with things of a different order. They plan an experiment in correlation with a plausible and satisfactory hypothesis; but when the experiment is performed, something very unexpected may be the result, and they have to begin again.
The clinician is still further hampered, for it is entirely impossible to calculate the multiple influences which govern the existence of any individual, and however specific we may endeavour to make our attacks on what we take to be similar types of diseases, there is no uniformity in the results obtained by any one of us.
Of great interest is the effort to establish a biological measure of dosage, a method by which a definite number of Rontgen units would produce the same biological results. Packard has given X-ray doses to groups of the eggs of the fruit fly, estimating his results by counting the number of eggs that survive. His papers present some interesting conclusions: He states that the percentage of eggs killed by increasing doses depends on the variability of the eggs-and since this is of a skew type, it is imtpossible to find a simple formula which will express the relation between dosage and effect. The death-rate of the eggs is independent of the quality of the beam, homogeneous, or heterogeneous, provided a given number of units has been given. The total lethal dose is difficult to find, for the presence of a few highly resistant eggs will give misleading results.
He goes on to experiments with tumour cells and he concludes that any kind of cells that show a high degree of variation in susceptibility can be killed in greater numbers by intense radiation, acting for a short time, than by a beam of lower intensity acting for a longer time. It must be remembered that he was dealing with groups of isolated cells and not with tissues. Nevertheless, there is here a possible argument in favour of intense doses.
In a study of the effects of X-rays of different wave lengths upon animal tissues, Russ found that in the rat a bigger differential effect between hard and soft rays existed for the skin than for the tumour cells, and from this he deducted a possible argument in favour of the use of very hard y-rays, or X-rays, when tumours at a considqrable depth have to be irradiated.
Other experiments appear to have a different significance. Contamin found that mice, inoculated with tumour cells which had been exposed to X-rays for a short time were rendered immune to further inoculations of the same tumour; but a long dose destroyed the immunizing power. Wedd, Morson and Russ showed similar immunizing effects with 3-rays: and again, prolonged irradiation of the cells lessened the immunity-conferring effect.
Sugiura and Benedict concluded that the degree of immunization caused by progressive absorption of tumour after use of small doses of '3 radiation is more marked than that following the use of larger doses.
Here is something of interest, but hard to explain: these experiments may, however, suggest that there is an optimum dosage, and that by going beyond this something may be lost in results. It must never be forgotten that the radiosensitivity of cells in vitro is probably very different from that of the same cells in the animal body; except perhaps in the case of massive and almost structureless tumours.
The exact significance of the term radio-sensitivity has not yet been determined. Whether it is a quality of the nucleus, of the chromosomes, of the cytoplasm, or of the cell membrane, appears to be in doubt. The essential feature in a radio-sensitive cell is that it is relatively vulnerable to the effects of radiation. Whether the injury to the cell is produced by a physical process, by a physico-chemical change, or a purely biological effect is still debatable; whether the damage results in the death of the irradiated cell, or in the dying out, in a few generations, of its descendants is clinicallyimmaterial, if it is possible to give an application of radium or X-rays which will cause the dissolution of the aggregate of cells forming the tumour and replace the growth by a healthy cicatrix.
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In every list dealing with the radio-sensitivity of cells the basal cell tumours are placed among the more radio-sensitive. Every one of us has seen superficial rodent ulcer dissipated by radiation, and this has been accomplished by many different methods: a short intense application of 19-rays: a longer application of y-rays; weaker intermediate doses of either; X-rays applied in many different ways, with different filters, and at different voltages-all these have been known to bring about the desired result: a permanent cure.
In some instances, however, the disease may recur. It inay be that some few cells were beyond the range of the effective radiation; that some were more resistant than others; or that, as Sokoloff suggests, some of the cells, as a result of the irradiation, fall into a state of prolonged latency, a type of anabiosis.
Whatever the cause the result is a recrudescence of the disease. It may be treated again with apparent cure. It may recur again, and so on. And then there comes a time when the cells apparently cease to be radio-sensitive, and further treatment by irradiation is given in vain.
Clinically, we know that this failure to respond to irradiation occurs at once when the growth has reached and invaded the periosteum, the perichondrium, or the sclerotic of the eye.
One can then, by prolonged doses of weak radiation, perhaps slow down the disease, but it becomes an absolute impossibility to eradicate it. The malignant cells maintain their activity; they have ceased to be radio-sensitive. This failure to respond to irradiation is not, however, necessarily directly associated with previous irradiation; it is found where rodent ulcer recurs after repeated operation, after apparent cure by zinc ionization, or the application of carbon dioxide snow.
Is it that the fighting power of the tissues has become impaired ? Is it that the vascular and lymph supplies, the access of phagocytic cells and the interchange of oxygen, are interfered with ?
It appears impossible to reconcile such clinical facts with a theory that success depends on the interaction of our physical agent, the rays, and the specific characters of one type of cell. It seems that the clinical cure must depend on at least two things: (1) The sensitivity of the tumour cell, and (2) the codperation of the intercellular relationship, a sensitive thing which can be destroyed by repeated irradiation, or by other traumatism of the tissues, a thing which cannot be called upon to assist, once the invading cells of the growth have established themselves in contact with cartilage or bone.
A similar change in clinical response to irradiation is sometimes seen, in the later stages, in cases of inoperable cancer of the breast. The primary tumour may be reduced to small proportions, and secondary glands may have shrivelled as a result of treatment, the general condition of the patient may be good and we may be congratulating ourselves on a measure of success; but if small nodules appear in the skin which has been subjected to irradiation, they rapidly increase in number and tend to coalesce and break down.
They can sometimes be checked by altering the character of the rays employed, by substituting radium for X-rays, or vice versa; they sometimes disappear after a sharp dose of X-rays given at a comparatively low voltage; they will sometimes respond even to ultra-violet light; but such nodules, developing in irradiated tissues, present a much more difficult problem than similar invasion of the skin away from the region which has been treated.
We seem to depend to some extent on something in the tissues, something that can be destroyed by repeatbd doses of radium or X-rays. Perhaps Gustav Peter is right when he speaks of the uselessness of radiotherapy when the tissues adjacent to the tumour do not possess blood-vessels, and when a new formation of capillaries is made impossible by natural or pathological conditions, or when previous irradiation has produced an irreparable impermeability of the vessels. I have had under observation a series of patients who had been operated upon by efficient surgeons for carcinoma of the breast. In each of these cases the surgeon was convinced that he had not completely removed the disease, so the case was sent for what is called prophylactic irradiation. To some of these-thinking in terms of the lethal dose-relatively heavy doses of high voltage X-rays were given; but such treatment was quickly abandoned, for it proved an absolute failure.
To others a less intense dosage was given with varying results. The best results have followed weak doses, given to the scar area and the adjoining tissues, following the lines of lymphatic drainage. In these cases, when thickening or induration pointed to local recurrence, a more intense dose of X-rays, or of radium, repeated two or three times, has been given to a localized area; and though there have been a few exceptions, as a rule the results are most satisfactory. I think it is justifiable to speak of such doses as "protective," for there is an accumulating amount of evidence that the average duration of life in the groups of cases so treated is longer than would be the case if rio treatmernt were given.
Such doses produce no obvious damage to the skin, no dryness, no telangiectasis. The general effect on the body, as evidenced by blood examinations, is helpful rather than hurtful. They fall far short of producing erythema.
Concerning erythema, there has been much controversy. Its significance may vary under different conditions; but it is a convenient clinical guide when considering the relative effects of successive treatments in a given case. It has been used as a standard of safety, to restrain the X-ray dosage given through a given area, and as a basis on which to estimate dosage at a depth.
Similarly, with a flat radium applicator, the time taken to produce an erythema is reasonably constant, even for different individuals. In endeavouring to treat some cases of extensive skin disease of the psoriasis type with radium, some interesting effects were noted. An application, the duration of which was approximately one-third of that necessary to produce erythema, usually made a selected patch of the disease disappear. A slightly longer dose, equal to about half an erythema dose, produced no obvious change; the patch remained. A longer dose than this actually made the condition worse.
Having established the dose for one area, and tried it out on a number of patients, with quite uniform results, we proceeded to treat at one sitting a patient who had patches all over his body and limbs: and to my dismay no effect whatsoever could be found; but when a further attempt was made, limiting the applications to one portion of the patient, e.g., one leg or arm or a quarter of the trunk, the skin cleared up satisfactorily. It was necessary to allow a few weeks to elapse before going on to the next region.
I have wondered whether these skin effects have analogies with other conditions. It may be possible to fail by irradiating too much of the body at one time. In a condition like lymphosarcoma where there are many groups of enlarged glands, it may be wrong to try to treat all the affected regions in too short a time; too much toxa%mia may follow, too much damage be done to the blood and other tissues, or perhaps some type of migrant cell which plays a part in the restoration of the diseased tissues may be distributed over too large an area. Possibly it might be better to concentrate first on one region, and, after a time, go on to another.
Another difficult question is that of overdosage. Apart from causing massive necrosis or sloughing, one can overdo the treatment of a growth. In the earlier days of radium therapy, comparatively large quantities of radium were applied to the surface of the growth in such conditions as cancer of the jaw, and sharp inflammatory reactions were often seen. The results were not very good.
As time went on, doses were lessened, and improvement was more marked. Then the use of radon needles was begun. At first these were charged with 30 mc. and were left in the growth for long periods, with the result that hawmorrhage and sloughing occurred occasionally. Gradually the amount of radon used was lessened, and the time shortened until a lower limit was reached. Very satisfactory results followed the use of needles containing 5 mc., left in sitt for about three hours.
Later the amount was still further reduced, and the time increased, leading to Regaud's system of needles of about 1 mc. left in the tissue for five or six days.
In Paris it is looked upon as essential that many of these needles should be placed not only actually in the nodular growth, but in the zone of tissue deep to it and surrounding it. This is combined with very thorough surgical removal of the lymph glands ; for in cases of carcinoma of the tongue it is often found that however well the primary growth may respond to radium, secondary glands may prove resistant. Cases have recently been reported in which these glands have reacted to implantation of radon seeds; but it seems to be a better procedure that the glands should be removed by surgery. The cases are kept under observation over many years, so that expected and inevitable recurrences may be excised or treated at once when they appear. Just at present there is a vogue for radon seeds. The surgery of access is being developed rapidly and the implantation of radon seeds sheathed in platinum is being used for almost every type of inoperable growth.
In this connexion I would like to point out that Regaud's method does not stop at the insertion of the needles. To do so would be to under-dose. Shortly after the needles have been removed, the patient is submitted to a fairly heavy dose of -y-rays applied from the surface. This irradiation. whether from radium, or from an X-ray tube, heavily filtered, is an essential part of the treatment. To omit it is to sacrifice a large part of the possible advantage that might be obtained. Take another instance: a nodule of secondary breast carcinoma, adherent to a rib or to the sternum. Such a condition will sometimes continue to advance in spite of intense irradiation; whereas in recent years I bave seen several such growths become entirely quiescent after comparatively weak applications of either X-rays or radium.
We must bear in mind the views of Ewing, Murphy, Bashford and others that the malignant cells are not acted upon directly, so much a.s indirectly by lymphocytic infiltration, fibroblastic proliferation, thrombosis of vessels and lymphatics, and probably other defensive measures of the surrounding tissues. But growths differ in character even in the same patient. One must stop to consider whether one's objective is to act on the normal tissues, to secure this sensitive indirect effect on the neoplasm; if so, the dosage should be restrained.
When there is a rapidly growing tumour composed of a large mass of cells with relatively little stroma, the proposition seems to be different, and one should use intense radiation based on the lethal dose conception.
The accompanying photographs illustrate a case which bears on this point. The first shows an ulcerating spheroidal-cell mammary carcinoma, recurrent after two operations (fig. 1 ). The case was treated by Dr. Arthur Burrows and myself at the Radium Institute. There was complete retrogression with a restoration of the scars left by the previous operation.
The second illustration (fig. 2) shows this clearly, but I may add that in the skin even the scars of the sutures could be seen. The dosage was not heavy but the curious reappearance of the scar seems to prove that in spite of the ulceration the growth was essentially an interstitial infiltration of the tissues, and I have little doubt that the effect produced was due to such an indirect action as has been referred to.
The patient was warned of the possibility of recurrence. But she lived far out in the country, and she told me that she had been cured so easily that she did not worry when another tumour developed, further over to the right. This had become a very large mass when she reported. It was treated on the same lines as before; but, so far as I could judge, there was no response. The tumour progressed steadily and the patient ultimately died.
Section of Electro-Therapeutices
In the light of more advanced knowledge, if such a case presented itself now, the size and character of the mass would give warning that only a direct effect was possible, and I should endeavour to give an intense dose; bearing in mind the dictum of Quick that it is the last 10 per cent.-not the first 90 per cent.-of the dose which makes possible the desired result. In such cases Phaler advocates a saturation dose. A full 100 per cent. dose is given in one day, followed by a daily dose of 25 per cent. to 10 per cent., which is calculated to keep ul the biological effect to a 100 per cent. dose for from 10 to 14 days. Knox has written and spoken of endeavouring to sustain a continuous biological reaction over a long period with a view to establishing control of the disease. Holfelder writes of giving a full dose with very high voltage and very heavy filtration.
In all such treatments it goes without saying that every possible effort must be made to reduce the influence of the intense radiation on the healthy tissues to a minimum, and to prevent damage to the organism as a whole. When the full dose has been given a lomng interval must elapse before trcatment is repeated.
Knox advocated differential blood-counts at regular intervals, and substituted general ultra-violet baths when progressive changes in the white cells count became evident.
There appears to be room for very considerable development of the use of ultraviolet light in combination with X-rays and radium in the treatment of patients suffering from inoperable carcinoma-radium locally; X-rays for surrounding lymphatic areas; and ultra-violet light for its general effects, particularly in combating lymphopwenia.
One may draw an analogy between such a system and tho treatment given in lymphatic leukemia, in which if observations are kept on the blood-count teil control of the number of white cells can be established by means of occasional small doses of X-rays distributed at intervals over long periods. e Thus, in inoperable uterine carcinoma, ultra-violet light should accompany the preliminary preparation of the patient to ensure the essential asepsis of the diseased area. Then radium should be used in the form of tubes, needles and seeds for the actual growth. Finally, a course of X-rays, carefully graduated by voltage and filtration, should be given with a view to the prevention of extension along the lymphatic channels and vessels.
One of the great advantages of radium is that with it relatively intense local effects can be obtained with comparatively little disturbance of the organism as a whole. But sloughing should not be produced. I always consider that a slough is evidence that the whole objective of the treatment, the retrogression of the disease without destruction of normal tissue, has failed. To use radium for a growth in order to produce a slough is as laudable as laudable pus! At one time hopes were held out that particular tumour cells might show specific sensitivity to rays of certain wave lengths. But, with increasing experience, the important features seem to be the size and situation of a growth and its pathological structure.
The type of ray that is used seems to be of less importance, provided the effect can be produced without too much disturbance of adjoining tissues. Wave length is important, however, in this respect: the longer types can be safely used for superficial conditions, but they must be progressively shorter as one endeavours to influence deeper tissues without injuring the other structures traversed by the beam. Also when a general effect is desired over a large area, as in prophylactic or preventive treatment, it is now almost universally accepted that the medium ranges of voltage are most satisfactory; but because of their greater differential action the higher voltages are better if a local effect is to be produced on a localized growth at a depth.
When a case has been got under control and is apparently well, only too often the patient disappears, to return when the ascendancy of the disease has been re-established, and there is no reasonable hope of relief. I would like to suggest that it should be regarded as imperative for such a patient to attend for periodic preventive treatments, to be given at increasing intervals for two to three years. The doses need not be large, but if they are given the number of recurrences will be less.
